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Introduction 


Spectroscopy is the branch of science dealing with the study of interaction of 
electromagnetic radiation with matter. 

The most important consequence of such interaction is that energy is absorbed or 
emitted by the matter in discrete amount called quanta. 

Electromagnetic radiation: light or other form of radiant energy. 

Wavelength (A): the distance between the consecutive peaks on a wave. 
Frequency (v): the number of full cycles of a wave that passing through a fixed 
point in a second. 

Wave number: the number of waves per centimeter. 
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Infrared radiation lies between the visible and microwave portions of the electromagnetic 
spectrum. 


Infrared waves have wavelengths longer than visible and shorter than microwaves, and have 
frequencies which are lower than visible and higher than microwaves. 


The Infrared region is divided into: near, mid and far-infrared. 


Near-infrared refers to the part of the infrared spectrum that is closest to visible light 
and far-infrared refers to the part that is closer to the microwave region. 


Mid-infrared is the region between these two. 
The primary source of infrared radiation is thermal radiation. (heat) 


It is the radiation produced by the motion of atoms and molecules in an object. The higher 
the temperature, the more the atoms and molecules move and the more infrared radiation 
they produce. 


Any object radiates in the infrared. Even an ice cube, emits infrared. 
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What is Infrared? (Cont.) 


§ 
UCSI 


UNIVERSITY 


Humans, at normal body temperature, radiate most strongly 
in the infrared, at a wavelength of about 10 microns (A 
micron is the term commonly used in astronomy for a 
micrometer or one millionth of a meter). In the image to the 
left, the red areas are the warmest, followed by yellow, 


green and blue (coolest). 


The image to the right shows a cat in the infrared. 
The yellow-white areas are the warmest and the 
purple areas are the coldest. This image gives us a 
different view of a familiar animal as well as 
information that we could not get from a visible light 
picture. Notice the cold nose and the heat from the 
cat's eyes, mouth and ears. 
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The electromagnetic Spectrum 
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Infrared Spectroscopy 


> Infrared radiation stimulates molecular vibrations. 


> Infrared spectra are traditionally displayed as %T (percent transmittance) 
versus wavenumber (4000-400 cm‘). 


> Useful in identifying presence or absence of functional groups. 
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Main uses of IR spectroscopy: 


Determination of molecular structure/geometry. 


e.g. Determination of bond lengths, bond angles of gaseous molecules 


2. ( 


Monitoring trace gases: NDIR.Rapid, simultaneous analysis of OC, 
moisture, N in soil. Analysis of fragments left at the scene of a crime 


Quantitative determination of hydrocarbons on filters, in air, or in water 
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X= 2.5 to 17 wm 
v = 4000 to 600 cm! 


These frequencies match the frequencies of covalent bond 
stretching and bending vibrations. Infrared spectroscopy 
can be used to find out about coy in molecules. 


IR is used to tell: 
1. what type of bonds are present 


2. some structural information 
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Basic Principle 
= IR involves absorption phenomenon: the absorption of radiation depends on increasing energy 


of vibration or rotation associated with covalent bond in molecule provide that such an 
increasing in energy causes a change in the dipole moment of molecule. 


graph of % transmission vs. frequency 
=> IR spectrum 
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= Transmittance at 0% if all IR is aborped and transmittance is 100% for no absorption 


§ 


UCSI 


UNIVERSITY EP101/ EG101 


EES 
What wavelength of electromagnetic radiation is involved in causing 


vibrations in molecules? 


Infrared (IR) electromagnetic radiation causes vibrations in 
molecules (wavelengths of 2500-15,000 nm or 2.5 — 15 mm) 


For a vibration at 4111 cm’! (the stretch in H,), how many vibrations 
occur in a second? 


120 x 10! vibrations/sec or a vibration every 8 x 10°15 
seconds! 
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Franels A. Cavey, Gxpante Chanvsing Fourh Eten. Copyrghte20n Tre kixGaeaeca @ +=Wave number are directly proportional to 
frequency and are expressed in much more 
convenient numbers (in this region of the 
spectrum), 5000-500 cm"' 


Because the wave number is directly 
proportional to frequency and energy, the use 
of wave numbers allows spectra to be 
displayed linear in energy, which is a distinct 
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Molecular Vibrations 


Covalent bonds vibrate at only certain allowable frequencies. 
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Stretching Frequencies 


Bond Energy Stretching Frequency 
Bond [kcal (kJ)] (cm~") 
Frequency dependence on atomic masses 
100 (420) 3000 
heavier 


at 100 (420) 2100 l decreases 
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Frequency dependence on bond energies 
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m Frequency decreases with increasing atomic weight. 
m Frequency increases with increasing bond energy. 
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Types of vibrations: 
Bending: 


- involve change in bond angle 


- lower energy than corresponding stretching vibration. 
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Infrared Spectroscopy 


A molecule can be characterized (identified) by its molecular vibrations, based 
on the absorption and intensity of specific infrared wavelengths. 


O-H Bend 
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a: nfrared Souce 


IR source consist of an inert solid that is heated electrically toa 
temperature between 1500 and 2200 K 


The material is chosen so that its emission approximates 
As closely as possible to that of black body radiator. 


(in candescent solid-the glow due to the great heat) 


We get continuum radiation approximating that of black body 
‘esults 
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IR Light Source 


Intensity Distribution and Temperature Dependency versus Wavelength of 
Black Body Radiation Energy 
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Sample handling 


= Most time-consuming part is sample preparation 
= Gases fill gas cell 
4 transparent windows (NaCl/KBr) 
4 long path length (10 cm) - few molecules 
= = Liquids fill liquid cell 
4 solute in transparent solvent 
4 Not in water (attacks windows) 
4 short path length (0.015-1 mm) - solvents absorb 
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Solution sample 


= Solvents 


Acetone | Methane | Cyclohexane Wavenumber, cm=! 
5000 2500 1667 1250 1000 833 714 
Carbon disulfide 


Toluene | Benzene Carbon tetrachloride 
Tetrachloroethylene 

Chloroform 
Dimethylformamide 


Dioxane 


Dioxane 
Tetrachloro Cyclohexane 
ethylene Benzene 


Wavelength, um 
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Demountable IR cell for liquid 


= Cells 
4 0.01 — 1.0 mm path length 
1 Narrower than UV/VIS 
1 Sample concentration 0.1 — 10% 
= Demountable cells with Teflon spacers 
1 Variation in path length 


Inlet tubes 
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Neoprene 
gasket 
Front plate en 
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Solid sample 


= Solid samples 


4 make semi-transparent pellet with KBr 
= Halide salts get transparent when pressured 

4 grind and mix with Nujol (hydrocarbon oil) to form mull 
= Grind size < the radiation wavelength 

4 1-2 drop(s) between NaCl plates. 
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Qualitative Analysis 


m= Step One : Identify functional groups (group frequency region) 

O 1200 - 3600 cm-1 

= Step Two : Compare with standard spectra containing these functional groups 
4 fingerprint region — sensitive to the structure 

4 600-1200 cm-1 


§ 


UCSI 


UNIVERSITY EP101/ EG101 


ELS 


DETECTORS or TRANSDUCERS 


= There are 3 types of detector (transducer) 


= 1) THERMAL DETECTOR 
= 2) PYROELECRIC DETECTOR 
= 3) PHOTON (QUANTUM) DETECTOR 


EP101/ EG101 


12 


SS 


THERMAL DETECTOR 


= Thermal detector whose response depend on 
heating effect. 


= Which in terns alters the physical properties 
of transducers such as resistance 


4 But the problem of measuring IR radiation by 
thermal means is compounded by thermal noise 
from the surrounding for this reason thermal 
transducers are housing in a vacuum and are 
carefully shielded from thermal radiation emitted by 
other near by objects. 


= Therefore temp.of room is mainted 
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Interpretation Of Infrared Spectra | 


> An element of judgement is required in interpreting IR spectra but you should find that it 
becomes relatively straightforward with practice. 


> It is often possible to assign the peaks in the 1600-3600 cm"! region by consulting tables 
or databases of IR spectra. When making an assignment, give both the type of bond and 
the type of vibration, e.g. O-H stretch or C-H bending vibration. 


> The most useful regions are as follows: 


1680-1750 cm:!: C=O stretches feature very strongly in IR spectra and 


the type of carbonyl group can be determined from the 
exact position of the peak. 


2700-3100 cm!: different types of C-H stretching vibrations. 
3200-3700 cm: various types of O-H and N-H stretching vibrations. 


> Too many bonds absorb in the region of 600-1600 cm! to allow confident assignment of 
individual bands. However, this region is useful as a fingerprint of a molecule, i.e. if the 


spectrum is almost identical to an authentic reference spectrum then the structure can be 
S assigned with some confidence. 
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Fingerprint of Molecule 


Whole-molecule vibrations and bending vibrations are also quantitized. 


No two molecules will give exactly the same IR spectrum (except enantiomers). 
Simple stretching: 1600-3500 cm!. 


Complex vibrations: 600-1400 cm, called the “fingerprint region.” 
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BLE 12.1 Characteristic IR Absorptions of Some Functional Groups 
Intensity of 
Functional group class Band position (cm=") absorption 
Alkanes, alkyl groups 
C—H 2850-2960 Medium to strong 
Alkenes 


=C—H 3020-3100 Medium 
c=C 1640-1680 Medium 


Alkynes 
=C—H 3300 Strong 
—C=C0— 2100-2260 Medium 


Alkyl halides 
c—Ccl 600-800 Strong 
C—Br 500-600 Strong 
c-I 500 Strong 


Alcohols 
o—-H 3400-3650 Strong, broad 
c—O 1050-1150 Strong 


Aromatics 


‘ 
i C—H 3030 Weak 


4 


1660-2000 Weak 
1450-1600 Medium 


Amines 
N—H 3300-3500 Medium 
C—N 1030-1230 Medium 


Carbonyl compounds* 
c=0 1670-1780 Strong 


Carboxylic acids 
O-H 2500-3100 Strong, very broad 


Nitriles 
C=N 2210-2260 Medium 


Nitro compounds 
NO, 1540 Strong 


“Carboxylic aids, esters, aldehydes, and ketones, 
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An Alkane [R,Spectrum 
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An Alkene IR,Spectrum 
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An Alkyne IR,Spectrum 
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An Alcohol IR, Spectrum 
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An Amine IR Spectrum 
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A Ketone IR Spectrum 
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An Aldehyde IR, Spectrum 
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O-H Stretch of a Carboxylic Acid 


This O-H absorbs broadly, 2500-3500 cm:!, due to strong hydrogen bonding. 
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An Amide IR,Spectrum 
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th 
Capabilities of Infrared Analysis 


Identification and quantitation of organic solid, liquid or gas 


samples. 


Analysis of powders, solids, gels, emulsions, pastes, pure liquids and 
solutions, polymers, pure and mixed gases. 


Infrared used for research, methods development, quality control and 
quality assurance applications. 


Samples range in size from single fibers only 20 microns in length to 
atmospheric pollution studies involving large areas. 
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: Applications of Infrared Analysis 


Pharmaceutical research 

Forensic investigations 

Polymer analysis 

Lubricant formulation and fuel additives 

Foods research 

Quality assurance and control 

Environmental and water quality analysis methods 
Biochemical and biomedical research 

Coatings and surfactants 

Etc. 
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Strengths and Limitations 


IR alone cannot determine a structure. 

Some signals may be ambiguous. 

The functional group is usually indicated. 

The absence of a signal is definite proof that the functional group is absent. 


Correspondence with a known sample’s IR spectrum confirms the identity of the 
compound. 
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